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Introduction
Anecdotal evidence suggests that multinational companies strategically locate ownership of their intellectual property at tax-havens, with the intention of minimizing their corporate tax burden. For example, the Wall Street Journal reports that Microsoft, a company which earns three-fourths of its revenue from license fees, is "increasingly setting up units in Ireland that route intellectual property and its financial fruits to the low-tax haven" (Wall Street Journal, 2005) . In the UK, the Guardian writes that "three FTSE 100 companies have quietly transferred their valuable intellectual property to low-tax locations", meaning that "they can reduce their UK-based profits and hence their British tax bills" (The Guardian, 2009 ).
The rationale behind locating intellectual property at low-tax affiliates is two-fold.
First, intangible assets are increasingly perceived to be important value-drivers within multinational enterprises (MNEs) (e.g. see Hall, 2001 , Zingales, 2000 . Locating them at low-tax affiliates is thus an attractive tax saving strategy as it implies that the intangibles' profits become taxable at a low corporate tax rate. Second, the common good nature of intellectual property involves that it is used as an input factor by several operating affiliates within the multinational group which then pay a royalty or license fee to the intangibles-owner (see e.g. Markusen, 1995) . As arm's length-prices for these firm-specific royalty payments are commonly not available to tax authorities, MNEs can distort royalty prices in order to shift profit between the operating entities and the intangibles-owner. Consequently, it pays for the MNE to locate its intellectual property at a low-tax country as this establishes a profit shifting link between all operating affiliates and a tax-haven subsidiary (see also Dischinger and Riedel, 2008) . 1 Tax authorities have raised increasing concerns about the relocation of intangible assets to low-tax economies as they fear that the mitigation of intellectual property deteriorates their country's corporate tax base (see e.g. Hejazi, 2006) . Nevertheless, studies which go beyond anecdotal evidence and investigate the link between corporate taxation and the location of intellectual property in a systematic empirical framework are scarce as information on intellectual property ownership is commonly not available in standard firm data sets.
In the following, we will investigate this relationship by exploiting a new and unique 1 In the contrary, if the intangible asset is located at a high-tax subsidiary, the MNE obtains shifting possibilities solely between the tax haven and the intangibles-holding firm whereas other high-tax affiliates remain without shifting link to a low-tax country.
data source that connects accounting and ownership information for a large panel of European multinational subsidiaries to data on patent applications provided by the European Patent Office (EPO). Thus, our analysis focuses on the location of corporate patents as a particular form of intangible property. The data is available for the years 1995 to 2003. To identify the impact of corporate taxes on multinational patent location, we additionally merge information on various aspects of the corporate taxation system. Following our argumentation above, we account for the host country's corporate tax burden (as measured by the statutory corporate tax rate) and the relative attractiveness of a subsidiary's corporate taxation scheme compared to other firms in the multinational group (as measured by the corporate tax rate differential between the entities). Moreover, our analysis takes into account that the effective tax burden on royalty income may be affected by withholding taxes on royalty payments and so-called Controlled Foreign Company (CFC) rules which are implemented at the subsidiary's parent location and attempt to refrain MNEs from avoiding taxes in their residence country by making passive (patent) income earned at low-tax subsidiaries taxable at the parent location.
We assess the link between corporate taxation and the number of patent applications in various empirical specifications. Our most preferred model is a negative binomial framework which controls for affiliate fixed effects. The results suggest that both, the corporate tax rate and the tax rate differential to other group affiliates, exert a negative impact on the subsidiary's number of patent applications whereas the effects are robust against the inclusion of time-varying country characteristics and affiliate size controls. Quantitatively, the coefficient estimates are sizable, implying semi-elasticities of −2.3 and larger. Thus, the regressions indeed suggest that MNEs distort the location of patents in favor of affiliates with relatively low corporate tax rates. Moreover, we find that the negative effect of taxes on the number of patent applications prevails if we construct tax measures that additionally account for withholding taxes on royalty income. Last, our regressions indicate that CFC regulations are effective in refraining MNEs from locating patents at low-tax locations since binding CFC rules tend to reduce the number of patent applications filed by a corporate subsidiary.
Our study contributes to the literature on multinational income shifting. A growing number of papers has provided empirical evidence which suggests that MNEs transfer profits from high-tax to low-tax affiliates in order to diminish their corporate tax burden (see e.g. Devereux, 2007; Huizinga and Laeven, 2008) . Recent work has connected these multinational profit shifting activities to the ownership of intellectual property. 2 The idea is that arm's length prices for intra-firm royalties charged for the use of firm-specific intangible assets are hardly observable to tax authorities and that multinationals can thus easily distort the associated transfer prices and shift profits to low-tax countries. This notion is confirmed by a set of empirical papers which show that profit shifting activities are larger in MNEs with high intellectual property holdings and high R&D intensities (see e.g. Grubert, 2003) .
However, in contrast to our work, these papers neglect that corporate taxation may distort the location of intangible assets itself as MNEs have an incentive to ensure that their patent returns are taxable at a low rate and that profit shifting channels to lowtax countries are available to operating affiliates world wide. In this sense, our analysis is most closely related to two recent papers: Mutti and Grubert (2008) provide evidence that US MNEs structure their operation in such a way that royalty income accrues with foreign subsidiaries in low-tax countries. However, as they do not observe information on patent ownership or license agreements, their evidence is indirect. Dischinger and Riedel (2008) find that the corporate tax rate exerts a negative effect on the size of intangible property assets, as reported on company balance sheets. However, using balance sheet data has limitations as it does, for example, not allow for a disaggregation of the legal assets which constitute the reported intangible asset figure whereas our study focuses on a clearly identified form of intellectual property.
Moreover, our paper is related to a small literature that investigates how the tax system affects the location of R&D activity within multinational companies. For the US, Hall (1993) and Hines (1994) study the responsiveness of corporate R&D to the Research and Experimentation Tax Credit and find significant R&D price elasticities.
Similarly, Jaffe and Hines (2001) determine how US R&D expense deduction rules affect the location of R&D by US multinationals. 3 Bloom et al. (2002) confirm a significantly positive effect of R&D tax credits on the level of R&D expenditures using macro data gence of multinational firms as with intellectual property holdings the threat of knowledge dissipation tends to favor market entry through foreign direct investment over other entry modes like licensing agreements with third parties (see e.g. Ethier and Markusen, 1996; Saggi 1996 Saggi , 1999 Fosfuri, 2000; Markusen, 2001; Gattai and Molteni, 2007) . 3 The study of Jaffe and is also related to ours in the sense that they use a data set which is the US equivalent to our data as it equally combines firm information and data on patent applications. One important difference though is that Jaffe and are interested in the location of R&D rather than in the location of the corporate patents. Thus, they exploit the patent office data with respect to the information on the location of the patent inventor while we in contrast use the information on the location of the patent applicant. Note that inventor and applicant location differ for a substantial fraction of the patents in our data set, being well above 10%.
for major OECD countries. However, all of the cited papers focus on the role of R&D tax credits and abstract from potential effects of the corporate tax system on the location of the legally protected output to R&D activities, i.e. the corporate patents.
Our study fills this gap and assesses the impact of corporate taxation on the choice of patent location accounting for various tax incentives, including the statutory corporate tax rate, withholding taxes and CFC legislations.
The paper is organized as follows. Section 2 presents the theoretical considerations.
Sections 3 and 4 describe the data set and the estimation methodology. In Section 5, we show the empirical results and Section 6 concludes.
Theoretical Considerations
This section explores how the international corporate tax system may affect patent ownership within multinational firms. The following discussion leads on to Section 3, where we construct the tax variables used in our empirical analysis.
The value of a patent stems from its provision of a temporary monopolistic right to exploit the associated technology within a given geographic area. Any party that wishes to use the technology in that geographic area will have to pay a royalty fee to the patent owner. To avoid knowledge dissipation, MNEs have a tendency to sell the right to exploit a patented technology to affiliated companies only (see Introduction) whereas the latter are forced, by the transfer price system, to pay a royalty to the patent owner. While in many cases the inventor of the technology is also the owner of the associated patent, our data suggests that the location of R&D activities and the resulting patents can also be geographically separated within multinational groups, as the locations are split in a non-negligible number of cases. 4
The MNE's decision where within the group to locate its corporate patents is expected to be influenced by a set of tax considerations. First, patents belong to the value-drivers in multinational firms (see e.g. Hall, 2000 Hall, , 2007 Hall et al., 2005) and as their income becomes part of the owner's corporate tax base, the MNE has an incen-4 According to practitioners a geographical separation of the R&D and patent location is easy to implement. First, tax authorities can hardly track the link between R&D activities and patent location, especially if several multinational affiliates participated in the development of a patent. Second, R&D and patent location can be split by officially assigning the project risk to a different affiliate than the one hosting the R&D activity. The risk-bearing unit in charge for the project then pays a fixed fee comprising the development costs and a fixed margin to the R&D department while it receives the resulting patents and the associated patent returns. tive to locate the patent in a country with a small corporation tax. This incentive is especially strong as patented knowledge (like other intellectual property) has a trade price of zero and the location of patents and output production can henceforth be geographically separated at low costs. 5
Second, not only the host country's corporate tax burden may be decisive for the location of multinational patents but also the affiliate's relative attractiveness as a patent location, in comparison to other firms within the same multinational group.
We thus construct a tax variable which calculates the tax rate difference between the considered affiliate and other firms within the MNE. This variable is also expected to capture profit shifting incentives since locating a patent in a country with a low-tax rate and then selling the right to use this patent from there to high-tax affiliates in the same group, opens up profit shifting opportunities between the high-tax locations and the patent-holding subsidiary in the low-tax economy. 6
Third, if royalty income is paid across a national border, the country of the royalty paying party usually charges a royalty withholding tax on the income stream. To avoid international double taxation, royalty receiving countries apply a tax credit for the withholding taxes already paid before assessing the income stream at their corporate tax rate. Consequently, the effective tax burden on international royalty payments is determined by the size of the corporate income tax at the royalty-receiving country in relation to the size of the withholding tax imposed by the royalty-paying country. If the receiving country's corporate tax rate is higher than the withholding tax paid at source, a full credit will be provided for the tax already paid, meaning that the royalty income is effectively taxed at the statutory tax rate of the royalty-receiving economy. In this 5 Note in this context that some countries have introduced special low tax rates on royalty income in their legislation. Since the introduction of these special rates are very recent, they fall outside of our sample period of 1995-2003, and we do not take them into consideration in our empirical analysis. Precisely, special low royalty income tax rates were recently introduced in Hungary, Luxembourg and the Netherlands. Ireland in turn has exempted royalty income from taxation since 1973. However, until 2008 this exemption was granted only if the MNE equally undertook the R&D in Ireland. As patent relocation schemes often imply a geographical separation of R&D and patent ownership, we use the Irish standard corporate tax rate in our empirical analysis but in robustness checks reran the analysis using a zero income tax rate for Ireland which turns out to leave the qualitative and quantitative results unaffected. 6 Note that locating the patent at one of the high-tax affiliates is less attractive as it implies that the MNE gains only one profit shifting link between the high-tax intangibles-owner and a low-tax country while other operating affiliates in high-tax economies remain without a shifting link (see also Dischinger and Riedel, 2008) . scenario the withholding tax rate does not affect the corporate after-tax income and consequently the patent location decision. However, if the royalty-receiving country's corporate tax rate falls short from the withholding tax paid at source, the tax rebate is restricted to the corporate income tax due. In this scenario, the royalty income is effectively taxed at the withholding rate which generates incentives for the MNE to locate patents in countries that have favorable bilateral tax treaties and thus ensure low withholding taxes on the royalty income stream.
Last, our analysis accounts for so-called 'Controlled Foreign Company' (CFC) rules which intend to prevent companies from avoiding taxes in their residence country by diverting income to subsidiaries in low tax jurisdictions. CFC rules operate by imposing an immediate tax charge at the level of the parent company on income earned in a foreign subsidiary if a set of criteria is fulfilled. The criteria vary across countries but in essence include an ownership threshold (e.g. the parent must hold more than 10% of the equity in the subsidiary), a tax threshold (e.g. the foreign tax paid on the subsidiary income must be less than 60% of the tax that would have been paid had the income been generated at the parent's location), and a threshold which specifies that a certain proportion of the subsidiary's income must arise from 'passive' or 'tainted' sources (e.g. a fraction greater than 5%). In most national CFC laws, royalties are considered to be passive income. If the CFC criteria for a given subsidiary are satisfied, the passive income of that subsidiary effectively becomes taxed at the corporate rate at the parent location, even if the income is not repatriated. We thus hypothesize that subsidiaries that are subject to CFC rules are less likely to own patents.
Summarizing, this section suggests that MNEs have an incentive to locate their corporate patents at affiliates which observe a low corporate tax burden relative to other group members and do not face binding CFC legislations. From a practical point of view, MNEs can exploit different organizational structures to achieve a (re)location of patents to low-tax economies. First, they may obviously shift whole R&D units to lowtax affiliates. As this, however, may involve considerable costs, practitionners claim that a more often applied structure is to engage in subcontracting agreements in which the R&D head office is located in a low-tax country and subcontracts research to operating R&D units at other affiliates. The latter earn a fixed margin on their costs while the head office bears the project risk, receives the associated patent rights and earns all residual profits. Apart from subcontracting agreements, affiliates may moreover also engage in cost-sharing arrangements in which several affiliates share the costs and benefits of developing a (later patented) technology. If appropriately structured, these cost sharing agreements allow MNEs to assign an overproportional amount of profits to low-tax affiliates. In the following, we will empirically test whether and to what extent multinationals engage in these relocation activities. The next section will describe our dataset and the construction of the tax variables used in our empirical analysis.
Data description
Our analysis is based on a unique dataset which links patent applications to firm-level accounting and ownership data. The dataset has been generated by a match of patent applications from the European Patent Office (EPO) to the European firm data base AMADEUS, in a research effort undertaken by the Institute for Fiscal Studies (see Abramovsky et al. (2008) for details).
The patents data comes from the EPO's Worldwide Patent Statistical Database
(PATSTAT) which contains information on all patent applications to the EPO dating back to 1978, including (among others) information on the name of the patent applicant and the application date. The data version used in this paper is October 2007 and comprises up to 100,000 patent applications per year. Firms seeking patent protection in a number of European states may file an application directly at the EPO and designate the relevant national offices (among those covered by the EPO) in which protection is sought. 7 Filing a patent with the EPO firstly enables a firm to make a single application which is cheaper than filing separately in each national office and secondly allows it to delay the decision over which national states to further the application in. Thus, it is especially attractive to file the valuable patents with the EPO which a firm intends to exploit in several European markets.
The data on patent applications is merged to European company accounts information collected by Bureau van Dijk in the AMADEUS database. 8 The company data is available in panel format for the years 1995 to 2003 and thus, we also restrict the merged data to the years 1995 to 2003. 9 One advantage of the AMADEUS data is that 7 The EPO is not a body of the European Union and as a result the states which form part of the European Patent Convention (the legal basis for the EPO) are distinct from those in the European Union. See: http://www.epo.org/about-us/epo/member-states.html. Note moreover that our data does not capture patent relocations after the application process. However, as outright sales of intangible assets are scarce in practice, we consider our analysis to capture the most important strategies to transfer patent ownership to low-tax economies (see e.g. OECD, 2009). 8 Precisely, the IFS applies a standard name matching procedure to link the two data sets. For detailed information see Abramovsky et al. (2008) . 9 As the PATSTAT data on patent applications is available for a longer time span, we nevertheless it covers a large number of firms across many countries and includes both, accounting and ownership information. We capture subsidiaries that are ultimately owned by a parent firm whereas ultimate ownership implies that the parent is an independent company (i.e. no single firm owns more than 24.99% of the shares) and holds a recorded share of over 24.99% in the subsidiary (whereas the ownership shares are commonly considerably higher, being close to a 100% in the majority of cases). The parent is the highest firm in the ownership chain for which the above conditions hold. Note, however, that one drawback of the AMADEUS database is that it records ownership at a single point in time which is the year 2004 in our sample. In line with previous papers, we are however not too concerned about this issue as misclassifications of parent-subsidiary connections introduce noise into our analysis (where group information is exploited in the regressions) and tend to bias our results against zero. Thus, the associated coefficient estimates have to be interpreted as a lower bound to the true effect.
The matched data comprises patent applications filed by firms from 18 European countries: Belgium, Czech Republic, Denmark, Finland, France, Germany, Greece, Ireland, Italy, Luxembourg, Netherlands, Norway, Poland, Portugal, Spain, Sweden Switzerland, United Kingdom. The match rates for the data sets are satisfactory with a proportion of 50% to 70% of patent owning firms in PATSTAT being matched to AMADEUS in the large European countries. For some East-European countries match rates can be smaller, as low as 25%, which is driven by a small coverage of AMADEUS in those countries and a low matching effort of the IFS (see Abramovsky et al. 2008) .
In terms of the number of patents matched per country, success rates are even higher ranging between 80% and 99% which reflects that large companies owning a lot of patents are well represented in AMADEUS.
Since our analysis centers around tax effects on the location of patents within MNEs, we restrict the dataset to subsidiaries belonging to multinational groups. For a multinational subsidiary to be included in the data, it had to apply for a patent at least once within our sample period and thus we restrict our analysis to firms which in general qualify as patent holding subsidiaries. As the coverage of multinational firms in AMADEUS is much better than the coverage of national firms, we are confident that our dataset includes all important patent holding subsidiaries in Europe.
From this data, we determine the annual number of patent applications filed by a corporate subsidiary and hence, the observational unit in our analysis is the multinareran our regressions without firm data controls for the whole time period covered in PATSTAT and found comparable results to the ones reported in this paper. tional affiliate per year. In total, our sample comprises 85, 330 observations for 11, 828 multinational subsidiaries. Country statistics for our sample are presented in Table 1 .
The pattern of multinational subsidiaries and their parent countries broadly resembles the pattern of multinational firms in Europe with the largest fraction of firms in France, Germany and the United Kingdom. 10 The very high number of UK subsidiaries partly reflects a high matching effort of the IFS for that country. Switzerland and Netherlands host a high number of patent owning subsidiaries, which may partly reflect the favorable tax treatment of royalty income in these countries. Note, moreover, that while our subsidiary sample is restricted to European countries, parent firms (i.e. global ultimate owners) may equally be located in a country outside the EU. As depicted in Table 1 , most of the non-European parent firms reside in the US and Japan.
Moreover, basic descriptive statistics for the data are presented in Table 2 . On average, a subsidiary applies for 0.7 patents per year whereas the patent count varies between a minimum of 0 patents and a maximum of 20 patents. 11 Moreover, we construct a binary variable which takes on the value 1 if the subsidiary applies for a positive number of patents in a considered year and 0 otherwise; 28% of the subsidiary-year combinations exhibit a positive number of patent applications.
To determine the effect of corporate tax legislation on the multinational choice of patent location, we add information on the corporate tax systems of each country. First, we add the statutory tax rate applicable in a subsidiary's host country (obtained from EUROSTAT). Second, we capture the relative attractiveness of an affiliate as a patent location by calculating the tax measure td it , which captures the tax rate difference between subsidiary i's statutory tax rate at time t and the statutory tax rate of all other affiliates within the corporate group, including the parent firm. To do so, we have to restrict our analysis to subsidiaries for which AMADEUS contains information on the ownership structure of the whole multinational group. 12 Formally, td it is defined as
whereas j indicates all foreign affiliates in the same multinational group as subsidiary i and N depicts the overall number of foreign affiliates. Note, that equation (1) implies the calculation of an unweighted average which we consider to be appropriate in our context as size information (e.g. on the affiliates' total asset investment) is available only for a subset of multinational subsidiaries and we would thus loose a non-negligible number of subsidiaries when calculating a size-weighted average. However, in robustness checks we experimented with a size-weighted average tax difference measures and did not find our qualitative results to change. Moreover, in the calculation of td i we account for foreign affiliates which are either the subsidiary's parent firm or owned by the group with 100% of the ownership rights only. The rationale behind this is that we consider partially owned subsidiaries to be less likely to hold corporate patents and also to be less likely to be integrated in the MNE's profit shifting activities (see e.g. Weichenrieder, 2009 ). Nevertheless, again we ran robustness checks which additionally account for partially owned subsidiaries in the calculation of td it and did not find our empirical results to be sensitive with respect to this modification.
As shown in Table 2a , both the statutory tax rate as well as the constructed tax difference measure td it exhibit considerable variation across our sample observations.
The average statutory tax rate is 37.7% and it varies between 10% and 59% for the firms in our sample. The average tax difference is 0% and exhibits a wide spread between -30.5% and 37.5%.
Third, we add information on withholding rates which apply on royalties payments to a subsidiary in our sample. Royalty withholding rates are specified in bilateral tax treaties. If a bilateral tax treaty does not exist, countries usually impose a unilateral rate which holds for royalty payments to all non-treaty countries. Since the unilateral rates are generally higher than the treaty rates, countries with a favorable treaty network are expected to be attractive patent locations. We retrieve information on the unilateral royalty withholding rates as well as information on treaty withholding rates from the Ernest & Young corporate tax guides 1995-2003.
This information allows us to calculate a tax measure te it which captures the effective tax burden on royalty income earned by patents held at a given multinational subsidiary. As described in Section 2, this effective tax rate on royalty income is calculated as the maximum of the statutory tax rate applicable at the income-receiving subsidiary and the withholding tax rate applicable on the royalty income stream. To calculate this effective tax burden in our data set, we have to make an assumption about the nature of the royalty streams earned by a patent-holding subsidiary in our sample.
As patents are widely acknowledged to be common goods within a multinational firm which are employed as input factor by several operating affiliates (see Markusen, 1995) , we will assume that a patent-holding subsidiary receives royalty income from all other affiliates within its multinational group, including the parent. 13 Therefore, to calculate the effective tax rate for a considered subsidiary, we determine the maximum of the subsidiary's statutory tax rate and the withholding tax rate applicable if royalties are paid from a foreign affiliate to the considered subsidiary and take the unweighted average of these measures. Again, we account for wholly owned affiliates only. Formally, this is captured by
whereas wht i,j,t depicts the withholding tax rate applicable on royalty income paid by the foreign affiliate j to the considered subsidiary i. Again, we determine an unweighted average of the royalty withholding rates and restrict the calculation in (2) to foreign affiliates which are either the considered subsidiary's parent or are wholly owned by the multinational group. In robustness checks, we relaxed these assumptions and did not find our qualitative results to be affected. As presented in the sample statistics in Table 2a , the average withholding tax rates charged on royalty streams from foreign group members to our sample subsidiaries vary between 0% and 30%, but the average rate is only 1.1%. Thus it is not surprising to find that the calculation of the effective tax rate te it is largely dominated by the statutory tax measure as the withholding tax is usually lower than the host country's corporate tax. The average rate is 35.5% and varies between a minimum of 10% and a maximum rate of 59%. 15 13 Thus, we implicitly assume that patent(s) held at the considered subsidiary are used by all other affiliates within the group and that royalties are paid for the use of this patent.
14 Note, that after our sample period in 2004 the EU Interest and Royalty Directive took effect which abolished withholding tax rates between countries in the European Union.
15 Note that the average effective tax rate calculated for our sample is slightly smaller than the Last, we construct a CFC dummy variable which indicates whether CFC legislations are binding for a subsidiary in a given year. The information on CFC legislations is collected from Sandler (1998) , Lang et al. (2004) and the International Bureau of Fiscal Documentation (IBFD). 16 As described in the previous section, for CFC rules to be binding, they have to be implemented in the subsidiary's parent country and three additional criteria have to be fulfilled: First, the parent firm has to hold a sufficiently large ownership share in the subsidiary. Second, the income derived in the subsidiary has to be mainly passive in nature. Third, the subsidiary's host economy has to be classified as a tax haven by its parent country.
Since the subsidiaries in our sample are ultimately owned by their parent firms and the ownership thresholds in CFC legislations are usually low (at 10%), the ownership criterion is fulfilled for all affiliates in our sample. Moreover, royalty income earned on patents is one potential source of passive income in a subsidiary since it often does not relate to other active parts of the business, and hence we equally assume the passive income criterion is fulfilled. Consequently, the construction of our CFC dummy variable will focus on the tax haven criteria which are summarized in Table 2c for the most important parent countries in our sample. As depicted in the table, the tax haven criteria are fulfilled if the subsidiary's host country is on a black list at the parent location or exhibits a corporate tax rate that falls short of a defined threshold. Since many of the subsidiaries in our sample are located in European high-tax countries, CFC rules do not apply in their context. Thus, it is not surprising that the fraction of observations in our sample for which CFC rules are binding is only 6.4%. As shown in Table 2d , CFC legislations are most likely to apply if the parent firm resides in the US, Canada and Germany. In turn, the subsidiaries for which CFC rules are likely to be binding tend to be located in countries with low tax rates, such as Ireland and Switzerland (in which 43% and 20% of the sample subsidiaries face binding CFC rules, see the last column of Table 2c ).
Note, however, that our constructed measure for a binding CFC rule is only a proxy.
average statutory tax rate. Theoretically, the statutory tax rate measure should be a lower bound for the effective tax rate measure which is the maximum of the statutory and the withholding rate on royalty income. However, the effective tax rate measure can only be calculated for the subset of our sample affiliates for which ownership information on the multinational group is available, which overproportionally tends to be the case for sample subsidiaries with a low corporate tax rate and henceforth also a low effective tax rate measure. 16 We collected information on CFC legislations for all major parent countries in our sample (i.e. EU25, the US, Canada, Japan and Korea). As a small number of firms in our sample observe parents located in other countries, the CFC legislation is missing for a small fraction of the observations. One issue may for example be that there is a considerable number of US owned European subsidiaries in our sample which we classify as being subject to CFC treatment.
But in practice US multinationals may opt out of CFC treatment under so-called "check the box" rules. Since we cannot track which of the European subsidiaries of US parents have been elected to "check the box" treatment, we assume they are all subject to the usual CFC treatment. As this might not hold for all cases, we introduce noise to our estimation which is expected to bias our coefficient estimates towards zero. Henceforth, if we find significant effects of CFC rules on patent ownership, they should be interpreted as the lower bound to the true impact.
Moreover, Table 2a reports summary statistics for the size of the firms included in our sample. The size measures vary strongly across the companies in our sample with an average employment number of 1, 408 but a relatively large standard deviation from the mean. The same applies for the fixed asset variable. Additionally, we add information on time-varying country characteristics which we presume to influence the location of corporate patents, precisely the number of scientific researchers per million of country inhabitants and the gross domestic product (GDP) (both obtained from the World Development Indicator database). The average subsidiary in our sample is located in a country with a GDP of 1.4 trillions US dollars and 2, 918 scientific researchers per million of country inhabitants.
Estimation Methodology
The aim of our analysis is to determine if and to what extent corporate taxation impacts on the location of patents within a multinational group. The analysis focuses on the tax determinants of the number of patent applications by a multinational subsidiary i in year t. Precisely, we estimate a model of the following form
whereas y i,t depicts subsidiary i's number of patent applications at time t which is regressed on a vector of corporate tax parameters T i,t comprising the variables constructed in the previous Sections 2 and 3: the host country's statutory tax rate t it , the tax rate difference between the considered affiliate and other group members td it , an effective tax rate on royalty income which takes into account the corporate tax rate and the withholding rates on royalty income te it and last, a dummy variable CF C it which indicates whether CFC rules apply. We expect all these variables to decrease the number of patents held by a subsidiary and hence the estimated coefficients on the regressors are expected to be negative (β 1 < 0).
Moreover, we include a set of control variables into our analysis which is depicted by the vector X it . First, we account for affiliate size to ensure that the coefficient estimates for β 1 do not only reflect the well-known negative effect of corporate taxes on firm size.
Precisely, we include the number of employees as a size control whereas sensitivity checks show that the results are robust against the use of other size variables like fixed asset investment. Moreover, we account for the country's attractiveness as an R&D location and its market size by including control variables for the number of scientific researchers per inhabitants and the country's GDP. 17 However, the attractiveness of a subsidiary as a patent location is also likely to be determined by affiliate specific factors which are unobservable to the econometrician. This suggests to include a set of affiliate fixed effects θ i to capture time-constant firm differences which is also confirmed by a Hausman test. Last, we include a full set of year fixed effects ρ t to control for shocks over time that are common to all subsidiaries and (in robustness checks) add a full set of 2-digit industry-year dummies to account for industry-specific shocks over time.
In the first set of regressions, we estimate equation (3) in a simple OLS framework with firm fixed effects. The OLS approach however does not account for the fact that the patent variable is restricted to positive values. We thus in a second step reestimate equation (3) in models which account for censored data. 18 In the following, we will present the results of a random effects tobit framework. Note that the estimation of a fixed effect tobit model is not feasible as a sufficient statistic that allows the fixed effect to be conditioned out of the likelihood does not exist. We however allow for a correlation between the subsidiary specific effects and the explanatory variables in the random effects specifications following Mundlak (1978) and Chamberlain (1984) by explicitly modelling this correlation and assuming a particular parameterization of the firm specific effect as a function of the explanatory variables. Precisely, we adapt an often made choice in this context and model the affiliate fixed effect as a linear combination of the explanatory variables' averages over time.
Nevertheless, our most preferred model is a negative binomial framework as it does consider the count nature of our data and the skewed distribution in the number of 17 In robustness checks, we moreover experimented with including additional country characteristics and did not find our results to be affected (see Section 5).
18 Note that the number of patent counts may become negative if multinationals, for example, withdraw patent applications or file a technology developed at a considered subsidiary with another affiliate. As these cases are reported as zero counts, our data may be considered as censored.
patent counts. The negative binomial specifications are thereby chosen since a likelihood ratio test indicates overdispersion of our data and suggests that the model cannot be collapsed to a poisson specification (although poisson estimations derive qualitatively comparable results). Precisely, we follow Hausman et al. (1984) and estimate a negative binomial regression model which accounts for firm specific effects.
Results
Our results are presented in Tables 3 to 6. All regressions account for subsidiary and
year fixed effects. Heteroscedasticity robust standard errors which control for clustering at the firm level are depicted in parentheses below the coefficient estimates. (2) (5) and (6). The OLS effect is also quantitatively confirmed as Specification (6) as this acknowledges the count nature of our data and the skewness in the patent count distribution. The negative binomial framework is chosen as a likelihood ratio test indicates overdispersion of the data and rejects the estimation of a poisson model (the likelihood ratio chi-square statistic for the baseline specification in Column (7) is 799.65; if control variables are included in the specifications, the chi-square statistic increases further). The results are presented in Specifications (7) to (9) and confirm our previous findings as the corporate tax rate exerts a significant and negative impact on the number of patent applications. Interpreting the coefficient estimates quantitatively in this fixed effects framework is not straight forward (as the common assumption of a zero fixed effect implies an implausible expected patent count of zero in this model). We thus reestimate the specifications in a random effects negative binomial specification which models fixed effects by time-averages of the regressors (whereas the results are not reported in the paper but available from the authors upon request). Evaluated at a random effect of zero (which is noncritical in the random-effect framework, see e.g. Winkelmann, 2008) , this model derives comparable quantitative results to the ones reported in the OLS and tobit specifications.
The number of patent applications might, however, not only be dependent on the statutory tax rate applicable in a country but may also be determined by alternative location options within the multinational group. To account for that, we constructed an alternative tax measure which captures the average difference between a subsidiary's statutory tax rate and the statutory tax rate at other group locations as described in Section 3. Since the construction of the tax difference measure requires information on the ownership structure of the multinational group which is available for a subset of firms in our sample only, the sample size drops compared to our baseline estimations.
The results are presented in Table 4 and suggest a negative impact of the corporate tax rate differential on the number of patent applications which is robust against different model specifications and the inclusion of size and time-varying country-controls. Quantitatively, the findings largely resemble the results for the corporate tax rate measure presented in the previous table. The tobit specification in Column (6) suggests that an increase in the corporate tax rate differential by 1 percentage point reduces the number of patent applications by 2.3% (see also footnote 19).
So far, our analysis has only accounted for effects of statutory corporate tax rate measures. However, as explained in the previous sections, the location of patents within a multinational firm may equally be determined by royalty withholding taxes which motivates the construction of an effective tax measure that takes both, the statutory and the withholding tax rate, into account. Since the calculation of this tax measure requires information on the MNE's ownership structure (see Section 3), the sample size again falls short of the baseline estimations. The results are presented in Table   5 . Specifications (1) to (9) indicate that the constructed effective tax measure exerts a significantly negative effect on the number of patent applications which prevails in different model frameworks and is robust against the inclusion of size and country controls. In quantitative terms, the results are comparable to our baseline estimations.
In Column (10), we moreover determine the effect of the statutory tax rate and the withholding tax rate separately from each other in the negative binomial framework.
While the statutory tax rate as in previous specifications has a strong and negative impact on the number of patent applications, the withholding tax rate on royalty income does not exert a statistically significant effect. This reflects that withholding tax rates are usually smaller than the corporate income tax due on the royalty income stream which triggers a full rebate for the withholding taxes paid. Taking this into account, it is not surprising that withholding taxes do not in general exert a significant effect on the patent location decision.
Apart from that, we assess whether a binding CFC regulation affects the number of patent applications. We thus reestimate the baseline specifications in Table 3 and include a dummy variable which indicates whether the patent owning subsidiary is likely to be subject to CFC treatment in the parent country (see Section 3 on the construction of the variable). The results are presented in Table 6 . The OLS specifications depicted in Columns (1) to (3) suggest that the corporate tax rate exerts a negative effect on the number of patent applications while the coefficient estimate for the CFC legislation dummy, however, does not gain statistical significance. This is confirmed by estimations of a random effects tobit model presented in Columns (4) to (6).
Nevertheless, as laid out in the previous section, our most preferred estimation model is a negative binomial framework which accounts for subsidiary fixed effects. The results of these specifications are presented in Columns (7) to (9). Interestingly, the count data model in line with our hypothesis suggests that a binding CFC rule reduces the number of patents located at a subsidiary (see Column (7)) whereas this effect is also robust against the inclusion of control variables for subsidiary size and country characteristics (see Columns (8) and (9)). Thus, taking into account the count nature and overdispersion of our data, we find evidence that binding CFC legislations are effective in reducing the number of patent applications (and the associated, potentially passive, income streams).
Finally, we ran a set of robustness checks. First, we reestimated all our specifications controlling for a full set of 2-digit industry-year effects to absorb industry shocks over time and find comparable results to the ones reported in this paper. Moreover, we experimented with different variables to control for affiliate size (e.g. subsidiary assets) and additional country controls (e.g. a corruption index and the national unemployment rate) which leaves the results unchanged. Last, we accounted for the fact that a large fraction of subsidiary-year combinations report zero patent applications and additionally estimated a binary logit model which controls for subsidiary fixed effects.
These specifications derive qualitatively comparable results which are reported in an earlier working paper version of this paper (Karkinsky and Riedel, 2009 ).
Conclusion and Discussion
Anecdotal evidence suggests that patents and other intangible assets play a decisive role in profit shifting strategies of multinational enterprises. Several firms are known to hold their patents and trademarks in tax-haven countries like Ireland and Switzer- This in turn puts pressure on high-tax economies with large R&D activities to restrict the mitigation of patents and other intangible assets from their borders. One mean to limit this outflow is to introduce or tighten CFC legislations which make foreign suggest that other countries might implement similar legislations soon. In the light of our results, these policy moves to limit the (re)location of patents and other intangible assets to low-tax economies are highly welcome as they help to close an important profit shifting channel and therefore to reduce international tax competition behaviour. Notes:
Takes on the value 1 if a subsidiary observes a positive number of patents applications in a considered year, 0 otherwise.
Per million people
In billion of US dollars.
In thousands of US dollars. CFC Dummy takes on the value 1 if the parent country has a CFC legislation and the value 0 otherwise. In the case of Norway, the 66% rule does not apply if a bilateral tax treaty exists between Norway and the country of the controlled subsidiary, unless the majority of the income in that subsidiary is passive. We use our data on royalty withholding rates to determine whether a bilateral tax treaty exists. In the case of Italy the black list of tax havens is quite long to be listed here, but it is based on and is very similar to the OECD tax haven list. 85,192 85,192 11,990 85,192 85,192 11,990 79,642 79,642 9,802 # Firms 11,809 11,809 3,877 11,809 11,809 3,877 10,721 10,721 2,308
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Heteroscedasticity 
